Introduction
The cost of raw materials and energy are generally consistent within a given area or region and the only key differentiator among competitors is the ability to control costs while making high-quality products [1] . An improvement in the effectiveness of maintenance management process serves as a role player in cost control in this regard.
Ensuring that best practices for maintenance management are employed, the company's Cement division has been upgrading its enterprise asset management (EAM) software solution for 15 years and is expanding adoption to 126 plants in 47 countries [1] . Through EAM software, it shares and supports best practices in 126 plants.
Maintenance expenditures make up about 15 to 60 percentage of production costs, depending on the specific industry [2] . The impact of maintenance functions on asset availability is achievable by minimizing downtime associated with maintenance [3] . High productivity in modern cement plant is extremely dependent on effective maintenance manufacturing system and companies have tried to use standard production methods to control maintenance, which has proved impossible [4] . Therefore, improving maintenance effectiveness is a potential source for making financial savings [5] .
Maintenance is a business function which serves and supports the primary process in an organization [6] . Shafeek [4] researched on maintenance practices in Cement industries where he mentioned that high productivity at the modern cement plant is highly dependent on regular, scheduled maintenance. In a bid to optimize maintenance decision making process, some authors [7] , [8] have implemented multi-criteria decision techniques. Amin et al. [9] introduced optimized maintenance management system which led to maintenance cost reduction in a cement manufacturing plant. The use of CMMS has attracted so much attention owning to the fact that enormous amount of maintenance data need to be analyzed fast and efficiently in order that decisions are reached [10] . Šlaichová and Maršíková [11] reported on the effect of implementing a Computerized Maintenance Management System (CMMS) on the efficiency of production facilities. It was discovered that great improvement was achieved in the facilities Key Performance Indices (KPI) by the implementation. Organizations use KPI to reveal how successful they are in accomplishing long lasting financial and non-financial goals [12] . Ogbo et al. [13] [14] developed a CMMS system otherwise named maintenance management information system (MMIS) for managing maintenance resources, maintenance schedule and personnel decision. CMMS is a type of software which performs functions in support of maintenance management systems [15] and tracks O&M activities [16] , [17] . Despite the huge benefits associated with CMMS as a tool in maintenance management, success rate in its implementation has been adjudged rather poor [18] . Therefore, this work evaluated the effects of a deployed CMMS software program on three of the critical plant assets in a cement production plant using KPIs.
Materials and Method
The study involved collection of data on performance of key equipment between 2013 and 2015. The cement plant is a world conglomerate located in Nigeria. The major equipment under consideration included Limestone Crusher (LC), Cement Mill (CM) and Kiln (KI). Interviews were conducted among maintenance personnel to determine the plant critical assets. Maintenance work order and flow cycle CMMS software implementation was done to determine the plant asset reliability impact and the plant KPIs. The software deployed is Maximo 7.0 software. The implementation involved provision of desk top computers to maintenance personnel, inspectors, planners and executioners. The software was installed on the computers and networked to the server. When Figure 1 shows the flow chart for the step-by-step procedure adapting and applying the software to cement production factory environment.
Results
The Key Performance Indices (KPI) obtained based on Equations 1 -3, of the studied plant assets are contained in Tables 1 to 5 
Discussion
The implementation of the CMMS showed improvements in utilization, plant reliability and performance factors for the plant critical assets considered in years 2014 and 2015 relative to year 2013. These led to increase in cement production output, labour productivity and plant availability. More than 90% of the plant's operational decisions are made considering equipment reliability and availability. Hence, increase in utilization and reliability factors favoured better operational decision making. Consequently, maintenance cost associated with more frequent plant stoppages in 2013 reduced appreciably in the subsequent years. This also translated into improvements in the day-to-day maintenance workflow, information and data management and overall organization's business performance as disclosed in the work of Weinker et al. [18] . The production loss reduced by $0.953m and $3.175m for the years 2014 and 2015 respectively, compared to loss incurred in 2013. These savings are consequences of lower production and maintenance costs, plant downtime and material wastage as explained by an earlier research work [18] . Based on these metrics, the statement by Šlaichová and Maršíková [6] that providing support via a maintenance information system helps the enterprise to reach a better level of Overall Equipment Effectiveness (OEE) is valid as shown in this study.
Conclusions
The evaluation of CMMS effects on a cement production plant located in Nigeria has been performed and found to positively affect maintenance cost and management as a whole. Based on the results obtained from this study, the following conclusions are reached:  Plant utilization factors increased for Limestone
Crusher and Kiln in the periods of CMMS implemented in plant.  Number of Stoppages for Incidents for the plant assets considered reduced significantly during CMMS implementation.  The reliability of the considered plants assets increased when CMMS was deployed in the plant.  The production losses incurred in 2014 and 2015
were reduced resulting from CMMS implementation.  CMMS implementation in the plant aided better and effective maintenance management decision making which led to the improvement in the KPIs for the plant assets considered.
